INTRODUCTION
The geology and geochemistry of the Green River Formation are of interest because of the unique lithologic and geochemical characteristics of the rock. The Green River Formation is an enormous resource of oil shale, and also hosts evaporative minerals. These potentially-economical commodities were deposited in two large, saline lake systems (ancient lakes Uinta and Gosiute) starting in the early Eocene and spanning an estimated 14 million years. These lakes collectively covered nearly 62,150 km2 (24,000 mi 2 ; Bradley, 1929) in what is now the Uinta basin, Utah; the Piceance basin, Colorado; and the Green River and Washakie basins, Wyoming ( fig. 1 ). Previous work has enriched our understanding of the deposition and subsequent diagenesis of these rocks, yet the overall theories regarding the geochemical evolution of these oil-shale basins are often vague and conflicting.
An investigation is underway using a new approach toward understanding the origin of this unusual rock. This approach involves reconstruction and interpretation of the cycling of sulfur within the ancient lakes and is based on the premise that sulfur geochemistry of a lake, as recorded in the abundances and isotopic compositions of various forms of sulfur incorporated in the sediments, is dependent on the biogeochemistry, oxidation state, and pH of a lake system. Because sulfur cycling within a lacustrine system is linked to other aspects of the lake geochemistry, it is anticipated that information gained on sulfur will have implications for other geochemical processes as well.
Most existing sulfur data on the Green River Formation are for the rocks within the Uinta and Piceance basins. A review of the literature yields little information on concentrations and forms of sulfur in rocks from the Green River basin. Reported concentrations of total sulfur in the Green River Formation range from undetectable in algal carbonates in the Uinta basin, Utah (Boyer and Cole, 1983) to 5 wt. % in organic matter-rich shale from the saline zone in the Piceance basin, Colorado (Dyni, 1983) . The sulfur is known to occur as sulfate, monosulfide, disulfide, and sulfur bound to organics. The abundance of sulfate is low in the oil shale (less than 4 % of the total sulfur; Stanfield and others, 1951; Smith and others, 1964) and sulfate minerals have not been identified in the formation (Milton and Eugster, 1959) . Occurrences of monosulfides (pyrrhotite and ZnS) and disulfides (pyrite and marcasite) have been reported by Milton and Eugster (1959) , Pabst (1970) , Cole and others (1978) , Cole and Picard (1981) , and Melchior and others (1982) . Monosulfides have not been previously quantified, but are considered to be a minor sulfur phase. According to Stanfield and others (1951) and Smith and Young (1983) , 50-90 % of the sulfur in most Green River oil shales resides in pyrite with the remaining 10-50 % occurring as organically-bound sulfur. Sulfur-containing organic compounds in the Green River oil shales include thiophenes, benzothiophenes, and polycyclic thiols (Ingram and others, 1983 ).
The purpose of this report is to provide the results of analyses on 115 Green River Formation samples. Each sample was described and analyzed for whole-rock mineralogy, total sulfur, sulfate (SqQ*), monosulfide sulfur (S , av represents acid-volatile), disulfide sulfur IS^), organically-bound sulfur (Sor g), organic and carbonate carbon, and reactive iron.
SAMPLING METHODS
Samples were collected from three cores: the E.R.D.A. Black Forks core #1, Wyoming; the U.S. Bureau of Mines core 01A, Colorado; and the U.S. Geological Survey Coyote Wash #1 core, Utah. Each drill hole was located within the depositional center(s) of the lakes resulting in one core from the Green River basin, Wyoming; one from the Uinta basin, Utah; and one from the Piceance basin, Colorado ( fig. 1 ). The Black Forks core #1 is stored at the Western Research Institute, Laramie, Wyoming (formerly the Laramie Energy Technology Center). An unpublished description of the core was kindly provided by Laurence Trudell, Western Research Institute. The 01A core and the Coyote Wash core are stored at the U.S. Geological Survey core library, Denver, Colorado. The 01A core is described in Snyder and Terry (1977) and the Coyote Wash core in Scott and Pantea (1982) . Geologic sections of the three cores are illustrated in Figure 2 .
Thirty-five samples were collected from the Black Forks core, 41 from the 01A core, and 39 for the Coyote Wash core. Total sulfur, carbonate carbon, and organic carbon were determined on all samples. Various forms of sulfur were determined in 20 01A samples and 25 Coyote Wash samples; forms of sulfur were determined in all 35 samples from the Green River basin (Black Forks core) because of the scarcity of literature sulfur data for the rocks within this basin. Macroscopic descriptions of the samples are given in Table 1 .
ANALYTICAL METHODS
Whole-rock mineralogy. Whole-rock mineral composition was determined on randomly-oriented powder mounts using an X-ray diffractometer with Nifiltered, Cu Ka radiation. The minerals identified from the diffractograms are given in Table 1. Total sulfur, carbonate carbon, and organic carbon. Total sulfur and carbon concentrations were determined using an induction furnace coupled to an infrared-detection system. Another split of the sample was then placed in an analysis crucible, treated with small amounts of 6 J\l_ HC1, and thoroughly dried. Total carbon was determined as above on this acid-treated sample and represents the organic-carbon concentration. Carbonate-carbon concentrations were determined by difference. All sample concentrations were above the limit of determination and are reported in Table 2 . Results were reproducible within 10 %.
Reactive iron.--Reactive iron (6N HC1-soluble iron plus iron contained in disulfides) is operationally defined as that iron available for sulfidization by HoS. Six N HC1-soluble iron was determined by analyzing the HC1 solution for the procedure decribed below by flame atomic absorption spectroscopy. The iron in disulfides was calculated from the disulfide sulfur concentrations as analyzed by the procedure outlined below. All sample concentrations were above the limit of determination and are reported in Table 2 . Results were reproducible within 10 %.
Forms of sulfur. The method designed to sequentially collect and gravimetrically analyze forms of sulfur (Tuttle and others, 1986 ) is shown diagrammatically in Figure 3 . A brief description of the method follows.
Apparatus and Reagents
Jones reductor.--Preparation of a Jones reductor is described in Skoog and West (1976) . The reductor contains amalgamated zinc which reduces Cr"3 to Cr2+ .
Apparatus. The decomposition of acid-volatile sulfides and disulfides is carried out in the apparatus shown in Figure 4 . H 2S generated in the reaction flask passes through an aqueous wash solution buffered to a pH of 4.02, and is collected as Ag 2$ in an aqueous solution of O.lj^AgNO^.
1_ M Cr 2+ solution. Dissolve 133.2 g of reagent-grade CrCl 3 '6 H2 0 in 500 ml of 0.1 £_ HC1.Pass the solution through the Jones reductor. The color changes from bright green to bright blue as the Cr 3+ is reduced to Cr . The Cr 2+ solution is unstable in air and should be prepared every few days.
Eschka flux. This flux mixture can be obtained commercially or prepared by mixing three parts MgO to two parts Na^CO^ (wt/wt). The commercially prepared, reagent grade flux was used for these analyses. Procedure.
Introduce a sample of known weight (about 5 g) into the round-bottom reaction flask ( fig. 4 ). When the sample contains acid-soluble Fe , add enough SnCl 2 (10-15 g) to the sample to result in a 15-20 wt % HC1 solution. Connect the apparatus and flush for five minutes with high-purity grade N 2 . Slowly introduce 80 ml 6 F, deoxygenated HC1 through the dropping funnel. Deoxygenate the HC1 by buFbling the acid with N 2 . Allow the reaction to proceed at room temperature for 15 minutes. Heat slowly until the solution just begins to boil, reduce the heat and continue the reaction until the AgN0 3 solution clears and no H2 $ is detected when paper wetted with AgNO^ solution is held in the gas stream issuing from the buffer solution. Disconnect the apparatus, filter, wash (HoO), and dry the residual solids saving the filtrate for sulfate analysis. Filter, wash (FLO), and dry to constant weight the Ag 2 $ precipitate (S av ).
Return the dried residual solid to the round-bottom reaction flask and add 10 ml ethanol. Connect the apparatus and flush with N 2 . Add a combined solution of 50 ml 1 _M Cr 2+ and 20 ml concentrated, deoxygenated HC1 through the dropping funnel. Allow the reaction to proceed at room temperature for 15-30 minutes. Heat the sample to boiling and allow the solution to slowly boil until H 2$ generation ceases. Filter, wash (H 20) , and dry the residual solids. Filter, wash (H 9 0), and dry to constant weight the Ag 9 S precipitate Mix the residual solids with Eschka flux (1:3 wt/wt) and place in a porcelain crucible. Cover the mixture with additional Eschka flux. Fuse the sample-flux mixture in a muffle furnace at 800 °C for two hours. Remove the crucible from the furnace, let it cool in air, and dissolve the solid in distilled water (10 ml for every 0.1 g of sample). Heat the solution for about 30 minutes, filter and discard the solid residue. Adjust the filtrate to pH <4.0 with HC1 and add 10 ml bromine-saturated distilled water. Boil the solution until the bromine is expelled. Add 10 ml 10 wt % BaClp solution and continue boiling for 15 minutes. Reduce the heat, cover the solution, and allow to digest overnight. Filter, wash (h^O), and dry to constant weight the BaSO^ precipitate (SQr ). The HC1 filtrate (S^gJ from the acid-volatile sulfur step is treated the same as the solution from the Eschka fusion starting with the addition of the bromine-saturated water through the weighing of the BaSO*. The limit of detection for these sulfur techniques (0.01 wt % S for a 5 g sample) is based on the uncertainty in weighing very small amounts of precipitate. Results of the analyses are given in Table 2 . Most results were reproducible within 10 % except when concentrations were very near the limit of detection in which case the results were reproducible within 30 %. Figures   FIGURE l. --Areal extent of the Green River Formation as it occurs in the Green River, Uinta, and Piceance basins (modified from Smith, 1983) . Dashed line represents extent of lakes Gosiute (Bradley, 1929) and Uinta (as inferred from data of Ryder, 1976; Stanley and Collison, 1979) . Core holes are designated with a 
